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INTRODUCTION 

The Research T r i a n g l e  I n s t i t u t e  (RTI) i s  conduct ing an experimental  s tudy  t o  
a s s e s s  t h e  environmental impacts of coa l  g a s i f i c a t i o n  and e v a l u a t e  c o n t r o l  techno- 
l o g i e s  f o r  t h e  many p o t e n t i a l  p o l l u t a n t s  t h a t  a r e  formed dur ing  g a s i f i c a t i o n .  
P o l l u t a n t  genera t ion  behavior  of 10 U.S. c o a l s  has  been s t u d i e d  i n  a bench-scale 
g a s i f i e r  under a v a r i e t y  of condi t ions  (1-3). Process  o p e r a t i n g  c o n d i t i o n s  such  
as continuous versus  ba tch  opera t ion ,  f i x e d  versus  f l u i d i z e d  bed opera t ion ,  
temperature, c o a l  type,  p r e s s u r e  and p a r t i c l e  s i z e  have been found t o  determine 
production behavior .  
(PAHI and phenol ic  compounds. 

Of major i n t e r e s t  a r e  t h e  polycycl ic  a romat ic  hydrocarbons 

S i g n i f i c a n t  q u a n t i t i e s  of char  or h igh  a s h  s o l i d s  a r e  produced during c o a l  
g a s i f i c a t i o n .  One o b j e c t i v e  of t h i s  s tudy was t o  determine t h e  f e a s i b i l i t y  of 
using coa l  char  a s  a c a t a l y s t  t o  f a c i l i t a t e  c racking  of p o t e n t i a l  environmental 
p o l l u t a n t s .  The au thors  are aware of  on ly  one previous s tudy ,  which repor ted  on 
decomposition of phenol ics  over  l i g n i t e  char  ( 4 ) .  It w a s  found t h a t  t h e  presence 
of coa l  char  g r e a t l y  enhanced t h e  decomposition of phenol. Vi rk ,  e t  a l .  (5) 
reviewed the  l i t e r a t u r e  on  thermal  hydrogenolysis  of  aromatic  compounds. Benzene 
decomposition was s lowes t  and anthracene decomposition w a s  f a s t e s t  among t h e  
var ious  compounds s t u d i e d  (1 t o  4 r i n g s ) .  No a l k y l a t e d  a romat ics  were repor ted  
upon, a l though v a r i o u s  o t h e r  s t u d i e s  (6-9) have been c a r r i e d  o u t  on thermal 
hydrodeal l rylat ion of a romat ics  and phenols. 
t h e  mechanism o r i g i n a l l y  proposed by Si l sby  and Sawyer (6)  which r e s u l t s  i n  a 
f i r s t  order  dependence of t h e  rate on t h e  concent ra t ion  of t h e  decomposing compound 
and ha l f  order  dependence on hydrogen concent ra t ion  wi th  hydrogen d i s s o c i a t i o n  a t  
equi l ibr ium. According t o  t h i s  mechanism, t h e  cracking of  a l k y l a t e d  aromatics  
and phenols seems t o  involve  t h e  benzene r i n g  as an in te rmedia te .  

In  genera l ,  t h e s e  s t u d i e s  a g r e e  w i t h  

From the  above d i s c u s s i o n ,  i t  fol lows t h a t  benzene could s e r v e  a s  a model 
compound f o r  comparing t h e  c a t a l y t i c  hydrogenolysis  p o t e n t i a l  of var ious  c o a l  
chars .  I n  a d d i t i o n  t o  benzene, a l k y l a t e d  benzenes ( to luene ,  e thylbenzene and o- 
xylene) were a l s o  chosen as model compounds f o r  t h i s  s tudy.  

EXPERIMENTAL 

The proximate and u l t i m a t e  a n a l y s i s  of t h e  char  s o l i d s  chosen f o r  t h i s  s tudy  
a r e  shown i n  Table  1. The Wyoming subbituminous and the  I l l i n o i s  No.6 c h a r s  were 
produced by t h e  s team-air  g a s i f i c a t i o n  of t h e  c o a l s  a t  900°C and 200 ps ig  i n  t h e  
R T I  bench-scale g a s i f i e r .  
(Columbia, Tennessee) who prepared i t  by coking a Western Kentucky No.11 c o a l  a t  
870 t o  1 0 9 0 O C .  For comparison, quar tz  and molecular  s i e v e  4A were a l s o  used i n  
t h e  microreactor  experiments .  Representa t ive  samples of a l l  m a t e r i a l s  w e r e  
crushed and screened t o  28  x 48 mesh. Microreactors  were prepared as  shown i n  
Figure 1 wi th  t h e  volume of  packing m a t e r i a l  being approximately 1 cm3 and ranging 
i n  weight from 0.5 t o  1 . 0  gram. A r e a c t a n t  gas  conta in ing  290 ppm benzene, 52.2 
ppm toluene,  9.87 ppm ethylbenzene and 11.4 ppm o-xylene i n  n i t r o g e n  was used i n  
a l l  experiments. Hydrogen of high p u r i t y  w a s  blended wi th  t h e  r e a c t a n t  gas  t o  
obta in  a hydrogen l e v e l  of 50 percent .  D e t a i l s  of t h e  r e a c t o r  f low system a r e  
shown i n  F igure  2. Gas res idence  time i n  the  r e a c t o r s  ranged from approximately 
0.25 t o  0.5 seconds; and a l l  experiments were c a r r i e d  out  a t  s l i g h t l y  above 
atmospheric pressure .  In  t h e  experiments u t i l i z i n g  c o a l  c h a r s  t h e  packed 

The Peabody char  w a s  obtained from Peabody Coal Company 
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TABLE 1. PROXIMATE AND ULTIMATE ANALYSIS OF CHARS 

Weight % As Received 

Peabody I l l i n o i s  No.6 Wyoming Subbituminous 
Char Char Char 

Proximate 
Mo i s t u r e  1.46 0.77 1.27 
V o l a t i l e  M a t t e r  1.73 2.56 5.89 
Fixed Carbon 84.61 39.94 36.03 
Ash 12.20 56.73 56.81 

U1 t imate 

Carbon 82.34 39.61 40.53 
Hydrogen 0.82 0.59 0.46 
Ni t rogen 1.17 0.72 0.44 
S u l f u r  2.06 1.56 0.48 
Oxygen (by  d i f f e r e n c e )  1.41 0.79 1.28 

microreactor  was condi t ioned  o v e r n i g h t  wi th  t h e  r e a c t a n t  gas-hydrogen mixture  at  
800°C. In t h e  experiments u t i l i z i n g  q u a r t z  and molecular  s i e v e  packings and i n  
t h e  tests u s i n g  a n  empty r e a c t o r  condi t ion ing  w a s  n o t  c a r r i e d  out .  This  l e d  t o  
some i n t e r e s t i n g  observa t ions  on t h e  t r a n s i e n t  cracking a c t i v i t y .  Reactor tem- 
pera tures  were v a r i e d  from 500 t o  8OO0C. Analysis  of r e a c t a n t s  and products  were 
c a r r i e d  o u t  by gas- l iquid chromatography w i t h  an 8 '  x 1/8" s t a i n l e s s  s t e e l  column 
conta in ing  Tris-1,2,3-cyanoethoxy propane on SO/lOO mesh Chromosorb P operated 
wi th  a helium c a r r i e r  gas f low of  20 ml/min a t  85'C oven temperature  i n  a Perkin- 
E l m e r  3920B g a s  chromatograph with a flame i o n i z i a t i o n  d e t e c t o r ;  1.0 m l  samples 
w e r e  i n j e c t e d  using a zero volume s ix-por t  s t a i n l e s s  steel Carle va lve ,  opera ted  
au tomat ica l ly  wi th  a va lve  a c t u a t o r  and a valve  t i m e r  wi th  a 16 minute cyc le .  

RESULTS AND DISCUSSION 

In t h e  p r e s e n t  exper imenta l  s t u d y  wi th  benzene and t h r e e  a l k y l a t e d  benzenes 
p r e s e n t  i n  t h e  feed  gas ,  a f u l l  d e s c r i p t i o n  of t h e  k i n e t i c s  would b e  extremely 
complex s i n c e  so many p o s s i b l e  p a r a l l e l  and s e r i e s  r e a c t i o n s  can occur .  To l i m i t  
t h e  complexity of t h e  d a t a  a n a l y s i s  a s imple f i r s t  o r d e r  decomposition of each 
component is assumed. T h i s  i s  probably reasonable  f o r  e thylbenzene and o-xylene, 
however, t h e  assumption could  lead  t o  under-estimation of t h e  benzene and to luene  
cracking r a t e s  s i n c e  benzene and to luene  product ion from ethylbenzene and o- 
x y l e n e  and benzene product ionfrom t o l u e n e  a r e  ignored.  
s i m p l i f i e d  a n a l y s i s  i s  t h a t  (1) t h e  amount of e thylbenzene and o-xylene i n  com- 
par i son  t o  benzene i s  small and should not  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  
apparent  r a t e  of benzene decomposi t ion,  (2) a t  high decomposition rates of benzene, 
ignoring benzene product ion  from t h e  o t h e r  a romat ics  w i l l  r e s u l t  i n  small e r r o r s  
i n  t h e a p p a r e n t  r a t e  of decomposi t ion s i n c e  t h e  benzene concent ra t ion  i s  almost  
s i x  times t h a t  o f  any  o t h e r  component, and (3) a n  upper bound on t h e  benzene 
decomposition rate can b e  es t imated  a s  d iscussed  towards t h e  end of  t h i s  s e c t i o n .  

I n  p rev ious  s t u d i e s  C4-9) of hydrocracking,  hydrogenolysis  o r  hydrodealkyla- 

J u s t i f i c a t i o n  f o r  t h e  

t i o n  of a romat ic  compounds t h e  d a t a  obtained a r e  c o r r e l a t e d  using a f i r s t  o rder  
ra te  with r e s p e c t  t o  t h e  compound be ing  decomposed and one-half o r d e r  wi th  respec t  
t o  thehydrogen  concent ra t ion .  
hydrogen mole f r a c t i o n  w a s  maintained and i n  l a r g e  excesses ,  t h e  r a t e  can be 

S i n c e  i n  a l l  experiments  of  t h i s  s tudy  a cons tan t  
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expressed i n  terms of  a pseudo f i r s t  o rder  r a t e  cons tan t  c o n t a i n i n g  t h e  hydrogen 
term. 
e x t e n t  of decomposition, t h e  i n t e g r a t e d  m a t e r i a l  ba lance  under i so thermal  condi- 
t i o n s  f o r  t h e  i t h  component can be w r i t t e n  a s  

Assuming a plug f low r e a c t o r  wi th  n e g l i g i b l e  change i n  gas  volume wi th  

1 Lii k = - l n -  
'io 

where T = space t i m e ,  sec. 
3 

Cii, Cio = i n l e t  and o u t l e t  concent ra t ions  of t h e  ith s p e c i e s ,  g mole/cm . 
-1 k = f i r s t  o rder  ra te  cons tan t ,  sec . 2 

This  equat ion  was used t o  c a l c u l a t e  t h e  f i r s t  o rder  rate c o n s t a n t s  f o r  a l l  exper i -  
ments i n  order  t h a t  t h e  r e l a t i v e  a c t i v i t y  of t h e  packing m a t e r i a l  toward c racking  
of aromatics  could be compared wi th  t h e  empty r e a c t o r  a c t i v i t y  and publ ished 
homogeneous decomposition rates. For each packing material, rate c o n s t a n t s  were 
determined a t  a series of temperatures .  Arrhenius  p l o t s  of  t h e  f i r s t  o rder  rate 
cons tan ts  f o r  t h e  i n d i v i d u a l  compounds a r e  shown i n  F i g u r e s  3 through 6 and a r e  
compared wi th  e x i s t i n g  l i t e r a t u r e  d a t a .  
of  t h e  pre-exponential f a c t o r s  and a c t i v a t i o n  energ ies .  

Table  2 g ives  t h e  least squares  estimates 

Examination of F igures  3 through 6 shows t h a t  t h e  s t e a d y - s t a t e  c racking  
a c t i v i t y  obtained i n  t h e  empty bed experiments is unusual ly  h igh  being on t h e  
o r d e r  of 1 t o  2 magnitudes g r e a t e r  than homogeneous f i r s t  o r d e r  c o n s t a n t s  repor ted  
i n  t h e  l i t e r a t u r e .  
o u t  i n  r e a c t o r s  t h a t  had h igh  s u r f a c e  t o  volume r a t i o s  (about  3-6 t i m e s  those  
used i n  previous s t u d i e s  (4-11)). 
wi th  run time as seen i n  F igure  7 .  
r e a c t o r  i s  increas ing  i n  a c t i v i t y  under t h e  t h e  reducing a c t i o n  of hydrogen and 
poss ib ly  carbon laydown ( i n  some unknown form); and t h e  a c t i v i t y  reaches  a s teady-  
state va lue  a f t e r  extended t i m e  per iods  (on t h e  order  of 12-24 hours ) .  

The empty bed experiments repor ted  i n  t h i s  paper  were c a r r i e d  

Also t h e  a c t i v i t y  appeared t o  i n c r e a s e  r a p i d l y  
Apparently t h e  s u r f a c e  of t h e  s t a i n l e s s  steel  

Comparing t h e  s t e a d y - s t a t e  empty bed c o n s t a n t s  t o  t h e  f i r s t  o rder  rate 
cons tan ts  a s s o c i a t e d  wi th  each char  (which show no t i m e  dependent a c t i v i t y  a f t e r  
overn ight  condi t ion ing)  i t  can be  seen  t h a t  t h e  Wyoming and I l l i n o i s  No.6 c h a r s  
show enhanced cracking a c t i v i t y  over t h e  empty r e a c t o r .  The Peabody c h a r  showed 
s i g n i f i c a n t l y  lower a c t i v i t y  and q u a r t z  had a lower i n i t i a l  a c t i v i t y  than  the  
empty bed demonstrat ing t h a t  t h e  packing m a t e r i a l  b l inded  i n  p a r t ,  t h e  a c t i v i t y  
of t h e  s t a i n l e s s  s t e e l  r e a c t o r  wal l .  Consequently t h e  rate c o n s t a n t s  a s s o c i a t e d  
wi th  t h e  Wyoming and I l l i n o i s  No.6 c h a r s  a r e  s i g n i f i c a n t l y  h igher  than t h e  
homogeneous r a t e  c o n s t a n t s  and more than  two o r d e r s  of  magnitude h igher  than  t h e  
homogeneous r a t e s  repor ted  previous ly  i n  t h e  l i t e r a t u r e .  The h igher  a c t i v i t y  of 
t h e  Wyoming and I l l i n o i s  c h a r s  over  t h e  Peabody char  i s  l i k e l y  t o  be due t o  t h e i r  
s i g n i f i c a n t l y  h igher  ash  c o n t e n t s ,  which are known t o  conta in  s u b s t a n t i a l  quan- 

' t i t i e s  of s i l i ca  and alumina. 

Quar tz  was used i n  t h e  microreac tor  f o r  t h e  purpose of comparison because i t  
w a s  i n i t i a l l y  thought t h a t  i t  would b e  r e l a t i v e l y  i n e r t  and would have a packed 
bed voidage s i m i l a r  t o  t h e  chars .  However, t h e  i n i t i a l  a c t i v i t y  of q u a r t z  showed 
r a t e  cons tan ts  a t  l e a s t  a n  order  of magnitude h igher  than  homogeneous rate con- 
s t a n t s  repor ted  i n  t h e  l i t e r a t u r e .  Furthermore, t h e  r a t e  c o n s t a n t s  were observed 
t o  i n c r e a s e  wi th  run t i m e  a t  748OC and over  a 24 hour per iod  t h e  r a t e  c o n s t a n t s  
f o r  benzene and to luene  increased  by a n  order  of magnitude. The time dependent 
behavior of  these  c o n s t a n t s  are shown i n  F igure  7. The s t e a d y - s t a t e  r a t e  con- 
s t a n t s  f o r  benzene and to luene  over  q u a r t z  were 1.95 and 5.59 sec-1, r e s p e c t i v e l y .  
The i n i t i a l  rate c o n s t a n t s  f o r  t h e  decomposition of benzene and to luene  over  
quar tz  were obtained by e x t r a p o l a t i n g  t h e  d a t a  by t h e  method of Gangwal, e t  a l . ( l 2 ) .  
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TABLE 2. ARRHENIUS EQUATIONS FOR HYDROCRACKING 

Compound M a t e r i a l  

Arrhenius Equations 

k = (sec1-l 

18 Wyoming Char 
I l l i n o i s  No.6 Char' 

Quar tz*  
Empty Reactor** 

1.71 x lolo exp (-81290/RT) 
1.05 x lol1 exp (-46730/RT) 

Benzene Peabody Char 3.29 x 10 exp (-57840/RT) 
4.61 x l o 6  exp (-33920/RT) 
3.38 x l o 7  exp (-36510/RT) 

Wyoming Char 5.29 x 1 0 i 5  exp (-68410/RT) 
I l l i n o i s  No.6 Char 2.32 x l o 9  exp (-41740/RT) 

To1 uene Peabody Char 5.35 x l o 2  exp (-47000/RT) 
Quar tz*  2.98 x l o 6  exp (-12360/RT) 
Empty Reactor** 7.21 x 10 exp (-31250/RT) 

Wyoming Char 1.97 x 10" exp (-42960/RT) 
I l l i n o i s  N0.6 Char 2.17 x 10; exp (-35710/RT) 

o - Xy 1 ene Peabody Char 8.01 x 10 exp (-3189D/RT) 
Quar tz*  ,scatter 
Enipty Reactor** 1.75 x 10 exp (-31830/RT) 

Wyoming Char 1.51 x l o 9  exp (-34640/RT) 
I l l i n o i s  No.6 Char 2.39 x 10; exp (-29000/RT) 

E thy l  benzene Peabody Char 5.59 x l o 4  exp (-34030/RT) 
Quar t z *  8.05 x 10IOexp (-19610/RT) 
Empty Reactor** 2.06 x 10 exp (-44830/RT) 

" I n i t i a l  r a t e .  
;*Steady-state r a t e .  

Mater ia l  ba lances  f o r  carbon showed t h a t  carbon ( i n  some form) w a s  being depos i ted  
on t h e  quar tz  over t h e  24 hour run per iod.  I t  is p o s s i b l e  t h a t  t h e  depos i ted  
m a t e r i a l  w a s  c a t a l y z i n g  t h e  c racking  of  t h e  benzene and toluene.  A f t e r  t h e  24 
hour per iod  a t  748'C t h e  temperature  of t h e  r e a c t o r  was lowered t o  650°C but  
no enhancement i n  a c t i v i t y  over  prev ious  experiments  a t  65OoC was observed, i . e . ,  
whatever w a s  be ing  formed a t  748°C was n o t  a c t i v e  a t  650°C. 

7 Expression f o r  maximum k = 3.38 x 10 exp (-36510/RT). 

Molecular s i e v e  4A w a s  a l s o  used as a packing m a t e r i a l  and showed very high 
i n i t i a l  c racking  a c t i v i t y  i n  comparison t o  t h e  o t h e r  packing materials i n v e s t i -  
gated a s  can be  seen  i n  F igures  3 through 6. However, t h i s  a c t i v i t y  quick ly  
faded as can be seen in Figure  7 ,  wi th  coke d e p o s i t s  b locking  t h e  porous s t r u c t u r e  
of t h e  s i e v e  be ing  a probable  d e a c t i v a t i o n  mechanism. 

Based on the  d a t a  presented i n  F igures  3 through 6 t h e  fol lowing a d d i t i o n a l  
observa t ions  can be  made: 

1. For a g iven  volume of packing m a t e r i a l  and t h e  same opera t ing  condi- 
t i o n s  t h e  r a t e  o f  c racking  of  t h e  aromatic  compounds i s  i n  t h e  order  

e thylbenzene > o-xylene > to luene  > benzene. 
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2 .  For  a given aromat ic  compound and t h e  same o p e r a t i n g  c o n d i t i o n s  wi th  
temperatures  g r e a t e r  than  6OO0C, t h e  a c t i v i t y  of  t h e  char  toward 
enhancing decomposition of compounds i s  i n  t h e  order  

Wyoming char  > I l l i n o i s  No.6 char  > Peabody char .  

The t h e o r e t i c a l  a c t i v a t i o n  energy f o r  homogeneous hydrodealkylat ion of 
a l k y l a t e d  a romat ics  i s  50 +- 5 kca l lmole ,  based on the hydrogen d i s s o c i a t i o n  
mechanism o r i g i n a l l y  proposed by S i l s b y  and Sawyer (6 ) .  The experimental  v a l u e s  
r e p o r t e d  a r e  genera l ly  45-50 kcal /mole f o r  to luene  hydrodea lkyla t ion  (6-9). 
However, t h e  empty bed a c t i v a t i o n  energy f o r  to luene  (Table 2) i s  s i g n i f i c a n t l y  
lower,  i . e . ,  3 1  kcal/mole, s u b s t a n t i a t i n g  i n  p a r t  t h a t  t h e  c a t a l y t i c  n a t u r e  of 
t h e  s t a i n l e s s  steel r e a c t o r  may b e  r e s p o n s i b l e .  Virk,  e t  a l .  (5)  r e p o r t  an 
a c t i v a t i o n  energy of 52.6 kcal /mole f o r  homogeneous hydrogenolysis  of benzene. 
Again the empty bed a c t i v a t i o n  energy f o r  benzene is much lower. The he tero-  
geneous hydrocracking r e a c t i o n s  of  benzene and to luene  over  t h e  Wyoming char  
show s i g n i f i c a n t l y  h igher  a c t i v a t i o n  e n e r g i e s  of 81 and 68  kcal/mole, r e s p e c t i v e l y .  
The v a l u e s  are c l o s e  t o  t h o s e  r e p o r t e d  by Szwarz (10) whose experiments were 
c a r r i e d  out  i n  t h e  absence o f  hydrogen. 
proceeding by a mechanism which is e n t i r e l y  d i f f e r e n t  from t h e  homogeneous 
r e a c t i o n .  
wi th  t h e  decomposition of  benzene and t o l u e n e  which are cons iderably  lower than 
t h o s e  observed f o r  t h e  Wyoming char .  One explana t ion  f o r  t h i s  i s  t h a t  t h e  
Wyoming char  r e a c t i o n  r a t e  is  not  l i m i t e d  by i n t e r n a l  d i f f u s i o n  whereas t h e  
r e a c t i o n  r a t e  f o r  o t h e r  c h a r s  might be. For  an i n t e r n a l  d i f f u s i o n  l i m i t e d  f i r s t  
o r d e r  r e a c t i o n  the  apparent  a c t i v a t i o n  energy is one-half of t h e  t r u e  a c t i v a t i o n  
energy;  t h i s  could expla in  i n  p a r t  t h e  lower va lues  observed f o r  t h e  I l l i n o i s  
and Peabody chars .  This  reasoning  i s  supported by t h e  experiments of Walker and 
coworkers (13-15) who have shown t h a t  low rank  c h a r s  g e n e r a l l y  have an ample 
supply of feeder  and t r a n s i t i o n a l  pores  whereas bituminous and h igher  rank  chars  
do not .  
l a b o r a t o r y  f o r  c h a r a c t e r i z a t i o n  of t h e  pore  s t r u c t u r e  and s u r f a c e  a rea .  A t  t h e  
p r e s e n t  t i m e  these  r e s u l t s  are n o t  a v a i l a b l e ;  however, they  w i l l  be repor ted  a t  
t h e  p r e s e n t a t i o n  of t h i s  paper .  

Thus t h e  heterogeneous r e a c t i o n  may be 

The I l l i n o i s  and Peabody c h a r s  have a c t i v a t i o n  energ ies  a s s o c i a t e d  

The char  samples used i n  t h i s  s t u d y  have been s e n t  t o  a n  o u t s i d e  t e s t i n g  

An upper bound on t h e  benzene decomposition rate on I l l i n o i s  No.6 c h a r  i s  
shown i n  F igure  3 by t h e  dark  t r i a n g l e s .  
benzene i s  a n  in te rmedia te  product  from t h e  cracking of t h e  o t h e r  a romat ics  
p r e s e n t  i n  t h e  feed. When compared t o  t h e  apparent  rate ( i . e . ,  empty t r i a n g l e s )  
i t  can be  seen t h a t  even h igher  rates of benzene decomposition e x i s t  i f  t h e  
assumption is t rue .  The a c t i v a t i o n  energy however is lower,  i .e.,  36.5 compared 
t o  46.7 ( see  Table  2, foo tnote)  and thus  as t h e  temperature  i n c r e a s e s  t h e  
observed rate and t h e  maximum p o s s i b l e  ra te  approach each o t h e r .  

This  i s  c a l c u l a t e d  assuming t h a t  

The major gaseous product  of decomposi t ion of t h e  aromatic  compounds appeared 
t o  be  l i g h t  gases  (probably most ly  methane) a l though t h e  GC column used i n  t h e  
experiment could not  s e p a r a t e  CH4,  C H 
than  could be accounted f o r  by t h e  removal of methyl groups from t h e  a l k y l a t e d  
benzene compounds. Also carbon ba lances  showed t h a t  s u b s t a n t i a l  q u a n t i t i e s  of 
t h e  i n p u t  carbon remained i n  t h e  r e a c t o r .  
c a s e  of t h e  Wyoming char  experiments  run  a t  748OC and 800'12. 
carbon i n  the  char  a l s o  w a s  converted t o  l i g h t  gases  (probably methane). The 
a c t i v a t i o n  energy of t h i s  conversion w a s  on t h e  order  of 104 k c a l / g  mole which 
corresponds t o  the  temperature  dependency of t h e  equi l ibr ium cons tan t  f o r  hydrogen 
d i s s o c i a t i o n .  

and C2H4. Much more methane w a s  formed 2 6  

The only  except ion  t o  t h i s  w a s  i n  t h e  
In  these  cases 

CONCLUSIONS 

Based on t h e  r e s u l t s  ob ta ined ,  i t  a p p e a r s  t h a t  coal-der ived m a t e r i a l s  
having high ash  content  show s i g n i f i c a n t  c a t a l y t i c  enhancement of t h e  vapor 
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phase cracking of benzene and alkylated benzene compounds. It was found that the 
Wyoming subbituminous char showed significantly greater activity (as indicated by 
the first order reaction rate constants) than the Illinois and Peabody chars. 
The activity of the Peabody char was lower than the steady-state activity of the 
empty stainless steel reactor. The activity of stainless steel increased with 
time on stream t o  a steady-state activity that was an order o f  magnitude higher 
than the activity reported in the literature for the homogeneous decomposition of 
benzene and toluene. 
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